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Mathematics Education for Gifted Students
WAYNE ROBERTS

Introduction
Three Minnesotans were among the 25 secondary students invited to a special training session held on the campus
of the Naval Academy at Annapolis this past summer. This
program, designed for students who represent an important
national resource in a technologically competitive world, is
held each summer. Students qualify for invitation on the
basis of a series of examinations conducted by the Mathematical Association of America (MAA).
The over-representation of Minnesota is noteworthy because it reverses a long-standing pattern in which our best
students have been underrepresented in the MAA program
to identify outstanding students of mathematics. The results
in 1990 do not themselves signal a reversed trend, but taken
together with other indicators, they do encourage those of
us who have worked over the past ten years to improve
opportunities for Minnesota math students.
Before beginning this review, it is important to stress that
specific efforts to improve mathematics education in Minnesota
have always recognized the importance of context. A
program for gifted students is short-sighted if it is not
developed in a way that recognizes the plethora of problems
we face and also strengthens mathematics education for all
students.

Plenty of Problems
We are now awash in national studies documenting a host
of problems in mathematics education for which there are no
short answers in the back of the book. The performance of
our students on achievement tests lags behind that of their
peers in other industrialized countries; large segments of our
population drop out of mathematics early in high school; our
colleges invest increasing resources in the teaching of
remedial mathematics; and increasing numbers of graduate
departments are reporting that more than 50 percent of their
students are foreign born. Minnesota, alas, shares fully in all
of these problems.
What is wrong? As is usual when young people fail to meet
someone's expectations, a citizens' army comes forward to
criticize teachers: they are ill-prepared, unimaginative pedants who are out of touch with modern applications of their
discipline, more in love with their summer vacations than
they are with mathematics. Others find the curriculum at
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fault; it does not demand enough, deadening the spirit of
inquisitiveness with monotonous repetition of the same
ideas year after year. Teachers point out that much of the
problem is societal; a student encountering difficulty in the
study of mathematics is likely to be told by the shrugging
parent that, "I was no good at it either," and increasing
numbers of students come from minority groups that have
neither traditions nor expectations in the subject. Finally,
there is evidence, particularly persuasive in Minnesota until
the last several years, that by developing a course of study
for the mainstream students, we do not provide the challenges
and special opportunities needed by our most talented
students.

Needed: A Comprehensive Approach
In the face of such problems, it is common for someone
to suggest a study as a first step. Fortunately, that step has
already been taken in Minnesota. The Minnesota Mathematics Mobilization (M 3), under the direction of Harvey Keynes
of the University of Minnesota and Lynn Steen of St. Olaf
College, was formed several years ago to bring the K-12
systems together with mathematicians from colleges and
universities, from the research community, and from business and industry. This organization has, with support from
the Exxon Foundation, published a report, The State of
Mathematics in Minnesota, which must certainly be the
starting point for anyone who wishes to address in a serious
way the problems of mathematics education in the state.
A second essential step in the solving of such enveloping
problems is another one on which M3 has given us a leg up:
mobilizing the people and organizations best-positioned to
do something. Minnesota does have a number of vigorous
associations that have the needed energy and resources; the
leaders of these organizations are being brought together. It
was M3, for example, that brought the leaders of the National
Council of Teachers of Mathematics (NCTM) to Minnesota to
discuss the then developing Curriculum Standards document
in a meeting that involved leaders from all segments of the
state's mathematics community.
Minnesota is also fortunate to be able to draw upon a
number of people who are national leaders in mathematics
education. Lynn Steen, a recent past President of the
Mathematics Association of America, is a member of several
national boards dealing with the problems we confront, and
a much sought after consultant. Harvey Keynes, Director of
the University of Minnesota Talented Youth in Mathematics
Project (UMTYMP) similarly serves on national boards and
has been particularly concerned with attracting women and
minority groups into mathematics. The MAA testing and
training programs were much influenced by Minnesota
people even before our students began to assert themselves;
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Ian Richards of the University of Minnesota is the current
Chairman of the entire national program, and the national
training sessions mentioned above are now led by Professor
Jerry Heuer of Concordia College in Moorhead.
Finally, it cannot be over-emphasized that we need a
comprehensive approach that allocates available resources
in a balanced attack on all of our problems. It was for this
reason that a set of principles was written down to guide the
development of the Minnesota State High School Mathematics League from its inception; principles that should, in this
writer's opinion, guide any program for gifted students.

Some Guiding Principles
Programs for gifted students best serve the overall mathematics program when they supplement rather than replace
the programs offered in the schools these students attend.
We believe this for several reasons:
a. If taken from even a few of their classes to an offcampus program, these students naturally identify with
the more prestigious institution. Their leadership in the
usual activities (social, extraclmicular) of the high
school is lost.
b. These students are needed to set the standard in the
classes in which they excel.
c. Nothing stimulates a teacher more than a good student.
Nothing is more demoralizing to a teacher than a
program that says in effect, "We will teach your best
students, you stay here and teach the rest."
d. Providing for able students outside of the usual school
context removes pressures to improve the general high
school.
In defending this as a general principle, it must be
acknowledged that in a very few cases, probably not as many
as one a year in the average high school, we do encounter
a student who is so far ahead of his or her peers as to make
the standard secondary program totally inappropriate. Options now in place, such as the postsecondary options
programs, or something like them are probably necessary to
allow these few students to attend a school that can
challenge them.
Programs that will simultaneously stimulate gifted students and their teachers are to be preferred over programs
aimed only at the student.
The teacher who can find new challenges (and perhaps
some extra money) while working in his or her field will be
a better teacher in the traditional setting, too.
Students with exceptional ability do need to see themselves
in the context of similarly talented young people.
Programs should raise gifted students' horizons beyond
the limits of their own school.
Programs should be affordable and available to students
wherever they live in the state.
The three Minnesota students who qualified for the
national training sessions this year live in St.Paul, Burnsville,
and Moorhead. A younger rising star now being watched
comes from Moose Lake. Talent of this sort needs to be
recognized and developed wherever it is found in the state.

Programs That Work
The existence of national competitions with a track record
of having identified our nation's rising scientific leaders for
over forty years was cited as one outside, objective evaluation of our efforts when we formed the Minnesota State High
School Mathematics League ten years ago; and as indicated
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at the beginning of this article, it is a measure by which we
are enjoying some success. It is an organization involving
over 3000 students from 180 schools across the state. It
sponsors a series of five meets that bring the best mathematics
students in six to ten area high schools together in competition. Topics are kept in line with the standard curriculum
so as t'o reinforce the school's program, but students see
these topics applied in newer and deeper ways that stretch
the best students. Awards, season-ending banquets, a state
tournament, and possible selection for an All-Star team that
travels to a national tournament all serve not only to bring
recognition to students and their teacher/coaches, but to
raise the visibility of mathematics programs in the schools.
A related activity is the annual summer workshop at which
coaches learn new skills useful in working with gifted
students, and develop their own problem-solving skills.
Coaches frequently report that what they learn affects not
only their work with the math team, but with all their classes.
Companies of the Minnesota High Technology Council have
generously supported a social event in connection with each
workshop, taking the opportunity to make their needs
known and to express appreciation to the teachers who
make this special effort.
The previously mentioned UMTYMP program, developed
by Harvey Keynes, invites talented students to attend weekly
classes held at the University and regional centers around the
state. Under the instruction of specially selected teachers,
they accelerate their progress through the standard curriculum
in the company of other capable students.
Again there is an important related activity, this one aimed
at attracting and retaining the interest of females. Working
with a grant from the Bush Foundation, impressive progress
has been made in increasing the quality of the total female
applicant pool and female participation in UMTYMP. Professor Keynes stresses that the progress has been made by early
intervention (targeted publicity, summer programs, and
reinforcement), not by altering the program or changing the
selection procedures.
It is worth pointing out the the Math League and UMTYMP
complement each other. Students who emerge on the top in
national competitions have frequently been in both. There
have been summer institutes for teachers that involved the
directors and secondary mathematics teachers from both
groups.
Summer institutes for teachers have proven effective for
more than 25 years. Dating from the National Science
Foundation-sponsored institutes of the early sixties and
continuing now with funds aimed at implementing the new
NCTM Curriculum Standards, summer courses for mathematics
teachers have been effective in improving the nation's
classrooms. The good mix of summer institutes at the
University of Minnesota and in public and private colleges
around the state surely deserve to be mentioned in any listing
of programs that have worked.

Fledgling Programs with Promise
The Minnesota Mathematics Mobilization (M3) is a model
for grants that have been made to 25 states to form similar
organizations. Unfortunately, the grant to Minnesota that
made this model viable is now running out. While the
program's future is uncertain, its value has already been
demonstrated.
Another group with the potential of giving big bang for the
buck in attracting minorities into mathematics is the Twin
5

City Urban Mathematics Collaborative. Started several years
ago with funding from the Ford Foundation, this union of the
entire mathematics community (industry, government and
education) of Minneapolis and St. Paul is Minnesota's bestpositioned group for finding ways of dealing with this
problem. If they could concentrate on developing a program, then the funding necessary to relieve them of their
perpetual need for the modest costs of maintaining the
organization would seem to be a good investment.
A final program to be mentioned as a model for the future
is the Summer Mathematics Institute that ran for three weeks
in the summer of 1990 on the campus of Macalester College.
Designed and funded as a cooperative effort of Unisys
Corporation, the Minnesota Academic Excellence Foundation, and the Minnesota State High School Mathematics
League, it attracted over 250 applicants . The fifty who were
selected paid no tuition and received free room and board
in this residential program. UMTYMP has joined the first-year
sponsors in submitting a proposal for continued funding to
the United States Department ofEducationJavits Program for
Gifted Students.
Several features of this program should be compared with
the Guiding Principles Section above. The topics studied
(number theory and transformational geometry) are not
normally taught in school curriculums; these students will
return to their regular classrooms enriched and eager, but
not having seen the material for their next year. They will,
however, bring with them a sophisticated graphing calculator that will, it can be expected, excite the interest of teachers
and classmates alike as an aid to be used in studying the
standard topics.
Provision has been made for these students to stay in
contact with one another through a newsletter and problemsolving activity. Many of their teachers heard the students
give presentations at the end of the summer program which
was coordinated with the beginning of the annual Math
League Coaches Conference. The Institute faculty will themselves return to their own schools, as will three new teachers
who worked as aids in the program; and if the Institute can
be continued, additional teachers from around the state will
have the opportunity to teach in this enriched setting.
The hope, of course, is to demonstrate that such an
Institute can serve the needs of gifted students, and that it can
enhance mathematics instruction across the state through
the students and teachers it sends back to classrooms in the
fall. It could be a cost effective way to meet the needs of
gifted students in a way that keeps them in the context of the
statewide mathematics education enterprise.
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Conclusion
There are reasons to be optimistic about the future of
mathematics education in Minnesota. Individuals of national
stature have used their talents to bring about some verifiable
improvements in our state, and they have put into place
structures that can coordinate reasoned approaches to the
problems we face.
Programs for mathematically talented and interested students supported in this article fall into two general categories. The first are academic year, extracurricular programs,
that should be offered and supported in the same way that
extracurricular athletic programs are supported. Activities,
with rare exceptions, should take place after school or on
Saturdays. Teachers should be paid appropriately to lead
such activities and afforded opportunities to attend clinics
and other professional development programs supportive of
their extra assignments. Costs of such programs (equipment,
costs of transporting students to activities, stipends for the
teacher/ coaches) should be part of the regular school
budget.
The second category of programs occur during the
summer. Summer enrichment programs should be available
to students invited on the basis of teacher recommendations
performance in their school programs, and/ or standardized
testing. These should be residential programs, probably on
college or university campuses, funded by the state in order
to provide equal opportunities regardless of economic
background. The design of activities should have direct
~volvemem of knowledgeable people not customarily
mvolved m secondary teaching, people from industry,
government, and higher education. Teachers at these summer
programs should be drawn primarily, but not exclusively,
from the ranks of secondary teachers . Invitations to teach at
t~ese programs should carry prestige as well as pay, should
aim to stimulate participating teachers as well as students
and should include some new teachers each year.
'
Minnesota is, then, well-positioned to greatly improve
mathematics instruction in ways that will benefit all our
students, and this can be done with relatively modest
amounts of money. We have in place many of the organizational and programmatic components proposed here . Coordination, commitment to more stable support of some
organizations, and a few relatively inexpensive, welltargeted supplemental efforts could take us a long way.
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